Introduction
]. Ghozlani and colleagues [Ghozlani et al. 2009 ] has recently reported the prevalence of vertebral fractures (grades 2-3) to be 29.6% using World Health Organization (WHO) criteria for BMD at the total hip and 33.3% using WHO criteria for osteoporosis. Moreover the prevalence was 11.1% in those with normal BMD. In a study of 80 male AS patients (mean age 33, mean disease duration 8 years) 35% had WHO defined osteoporosis at one of four skeletal sites compared with 2.5% of controls [Vasdev et al. 2011] .
In chronic AS cases more sophisticated techniques, such as quantitative CT, have shown bone loss within the vertebrae and hips, further progressing when cortical bone increased [Lange et al. 2005] .
Measuring BMD in early disease should include densitometry of the spine and hip. In advanced disease, spine densitometry should not be used as a risk predictor for fracture, but hip BMD that is related to fracture risk. When available, quantitative CT of the vertebrae should be considered.
Vertebral fractures in AS
In AS, the risk of vertebral fractures is definitely increased. However, diagnosing vertebral fractures in AS is not easy in general, although their clinical consequences in aggravating spine deformation (hyperkyphosis) and complications are increasingly recognized [Geusens et al. 2007 ].
Diagnosis of vertebral fractures
The diagnosis of vertebral fractures is difficult for several reasons. First, only one out of three to one out of four vertebral fractures comes to clinical attention with typical signs and symptoms of an acute fracture [Cooper et al. 1992] . Even in the presence of symptomatic clinical vertebral fractures, however, they are often clinically overlooked as both acute and chronic back pain is common in AS. The diagnosis is often missed by attributing the pain to disease activity, especially if a vertebral fracture is not considered in the differential diagnosis of back pain. Second, fractures of the vertebral body are often overlooked even when radiographs are available [Delmas et al. 2005] . Third, in addition to fractures of the vertebral body, other types of spinal fractures occur in AS. For example fractures of the dorsal arch and its pedicles, which are quite rare in postmenopausal osteoporosis, have been reported in patients with AS and are difficult to diagnose because of their location [Wang et al. 2005] (Figure 2 ). Fractures in newly formed bone in the osteoligamentous components (syndesmophytes, transdiscal, interspinal) are even more difficult to diagnose [Campagna et al. 2009; Sambrook and Cooper, 2006] . Fourth, in cohort surveys of AS, such as the OASIS cohort, radiographs of the thoracic spine are often of relatively low imaging quality for evaluation of disease indices such as the mSASSS due to overlying soft tissues and ribs. In such surveys, data are often only available for the lumbar spine, not the thoracic spine, and thus cannot be used to study the true prevalence of all vertebral fractures. Also, although there is growing consensus about the definition of vertebral fractures [Sambrook and Cooper, 2006] , several definitions are available and there is no universally accepted gold standard for diagnosing vertebral fractures. The prevalence and incidence of vertebral fractures is therefore influenced by the definition of the degree of deformation of the vertebral body.
In addition, no data are available on the prevalence of vertebral deformities/fractures in the young adult population, which makes it difficult to interpret data in AS patients younger than 50 years.
Fractures of the vertebral body in AS
Several surveys have reported the prevalence of vertebral fractures [Geusens et al. 2007] , of which some are summarized in Table 1 .
These studies indicate that vertebral fractures are a regular finding in patients with AS but their prevalence is highly variable. These differences are at least in part a reflection of differences in recruitment methods [e.g. consecutive patients, selected patients based on disease activity or occiput-towall distance (OWD), sex distribution, age, clinical versus systematic morphometric fractures and the definition of vertebral fractures]. The most exact estimate of the prevalence and incidence of vertebral fractures in AS appears to be derived from the study by Cooper and colleagues [Cooper et al. 1992 ]. This retrospective population-based study on clinical fractures reported an increased odds ratio (OR) of 7.7 (95% confidence interval 4.3-12.6) for clinical vertebral fractures (as found in the hospital files of patients with clinical vertebral fractures confirmed by a radiologist without specification of the degree of deformity). The cumulative incidence of clinical vertebral fractures was higher in men (OR 10.7 versus 4.2 in women) and increased during the first 5 years of the disease, peaking at 17%, 20-30 years after diagnosis. Of interest, in the Cooper study, the cumulative incidence of nonvertebral fractures was similar to the control population. As this population study involved clinical vertebral fractures, it is still remains unclear what is the exact prevalence and incidence of morphometric vertebral fractures in AS.
Fractures of the vertebral body result in acute or chronic back pain or remain clinically silent [Cooper et al. 1992 ]. Wedging of the vertebrae can contribute to hyperkyphosis, independent of mSASSS score [Geusens and Lems, 2011; Vosse et al. 2006 ]. Increased hyperkyphosis can, therefore, be regarded not only as a clinical consequence but also as an indicator of the presence of vertebral wedged fractures in AS [Sinigaglia et al. 2006; Vosse et al. 2006 ]. The most common levels affected are T8-L2 [Ghozlani et al. 2009 ].
Other spinal fractures in AS
These fractures are characterized by their unusual location (e.g. at the cervical spine, dens), the involvement of the posterior arch structures of the vertebrae, their anatomic location (transvertebral with variable degrees of dislocation, transdiscal through the syndesmophytes) and complications with variable degrees of neurological deficits [Wang et al. 2005] (Figure 2 ).
These fractures have been classified according to their location ( Table 2) .
Many of these fractures have been described in AS patients with an ankylosed spine, even after trivial trauma. In these cases, even when a fracture is considered, diagnosis can be difficult, as fractures of the posterior arch are often difficult to visualize by conventional radiographic examination, even more so at the level of the cervical spine. Additional imaging techniques such as bone scintigraphy, CT and MRI are than necessary for adequate diagnosis and this delay can contribute to a worse outcome [Wang et al. 2005] .
Erosive lesions at the adjacent vertebral plates can accompany noninfectious discitis in AS, resulting in a radiographic picture of vertebral deformities [Wang et al. 2005] .
The unusual characteristics of some fractures (cervical level, dorsal arch, dislocation, neurological deficits) are responsible for significant morbidity, and in some cases mortality (Table 3) . These complications include spinal cord lesions, nerve root lesions, and the occurrence of paravertebral hematomas resulting in variable degrees of sensory or motor deficits. Owing to defective fracture healing, pseudoarthosis with instability in the posterior arch structures of the vertebrae can occur [Sinigaglia et al. 2006; Wang et al. 2005] . In cases of severe or persisting neurological deficits, surgery may be necessary.
Risk factors for vertebral fractures
Fracture risk is associated with bone and falls. Some fracture risks are more prevalent in patients with rheumatic diseases than in the general population, such as those with immobility. The presence of such risks, variations in the level and duration of disease activity, the interference of extraosseous calcification in the spine, and the limited methods available to measure structural and material characteristics of bone have been a problem in identifying the independent role of osteoporosis and systemic inflammation in fracture risk in AS.
Risk factors associated with fractures of the vertebral body include sex (men more than women), age, low body weight, low BMD, disease duration, more extensive syndesmophyte formation, mSASSS score, disease activity, peripheral joint involvement, spinal restriction of movement and increased OWD [Cooper et al. 1992; Feldtkeller et al. 2006; Geusens et al. 2007; Ghozlani et al. 2009; Sinigaglia et al. 2006; Vasdev et al. 2011; Vosse et al. 2004 Vosse et al. , 2006 . No data are available on the risk of falls in AS patients. In view of the biomechanical changes in the spine, however, even a simple fall or other minor trauma can result in a fracture of the vertebral body or its other components [Vasdev et al. 2011] . [Visvanathan et al. 2009 ].
The above reviewed offers some suggestions for daily practice, as many rheumatologists do not routinely assess patients with AS for osteoporosis. The presence of a vertebral fracture should be considered in patients at high risk for osteoporosis and fractures (postmenopausal women, low body weight, previous fracture, hip fracture in the mother, use of glucocorticoids, severe immobility) and those at risk more specifically for AS (such as men, severe disease activity, persistent active disease, longstanding disease, OWD >0 cm, persistent pain after even minimal trauma).
On suspecting a vertebral fracture, radiographs of the spine should be performed. Additional imaging techniques are indicated in cases of persistent posttraumatic pain in order to avoid delays in diagnosis and therapy.
Drug treatment for osteoporosis should be considered in patients with a vertebral fracture or BMD with a T score less than -2.5. From the above pathophysiological perspective, the target to prevent vertebral fractures is not only to prevent bone loss within the vertebrae but also to prevent excessive bone formation around the vertebrae.
